In the SLC main linac a train of three bunches is accelerated. The leading positron bunch is followed by two bunches of electrons. When the positron bunch passes off-axis through the RF structures, it excites dipole modes in the structures, for example long-range transverse wakefields which deflect the subsequent electron bunches. Although the magnitude of the deflections is small one can infer the deflections by measuring the trajectory difference while changing the spacing between the positron and electron bunches. Knowing the positron trajectory the misalignments of the accelerating F W structures with respect to the BPM's can be calculated. We present measurements from the SLC linac and discuss the data analysis and errors.
INTRODUCTION
A charge that is accelerated in the SLC linac excites transverse wakefields if it is misaligned with respect to the center of an RF structure. Figure 1 shows the calculated transverse wakefield W ( z ) that is excited in an SLC S-Band structure of length LO from a charge Q1 with offset by. A charge QZ at position s with energy Ez(s), that follows the first charge with distance Az, then experiences a wakefield deflection
The unknown beam to structure offsets by are caused by unavoidable alignment errors and are the cause for severe emittance dilutions in the SLC linac[ 11. If they were determined accurately then the optimization and stabilization of the SLC beam emittances could be improved.
Transverse wakefields are usually distinguished into short-range wakefields that act within a bunch and longrange wakefields that act from one bunch to the next. Both are generated from beam to structure offsets. However, it is important to note that differently from the short-range case, long-range wakefields remain only in the first third of a structure and decohere afterwards. We are going to show how to determine the beam to structure offsets from longrange wakefields. In the presence of large internal structure misalignments those offsets will differ somewhat from the ones important for short-range wakefields.
The SLC beam consists of three bunches: 1) a positron bunch, 2) an electron bunch, and 3) an electron bunch for positron production. Here we consider the first two *Work supported by the Department of Energy, contract DE-AC03-76SFOO515. (1) it is seen that a change in AZ changes the wakefield deflection B. For a single structure and if AZ is changed in many steps the wakefield can be mapped out and the beam to structure offset is determined. Here we consider many superimposed errors and only a few possible settings for Az. Assuming that the wakefield function is known, a single change in bunch spacing then allows to calculate the beam to structure offsets from the measured change Ay2 in the trajectory of the second bunch:
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The long-range wakefield function ~( A z ) for SLC is dominated by a 4140 MHz mode and can be approxi- All terms in Eq. (3) can be measured or calculated except the beam to structure errors 6y(s). This allows to solve for by(s). Note, that due to the energy dependence in Eq. (3) the sensitivity of the method changes widely along the linac. The wakefield deflections at injection energy are almost a factor of 50 stronger than the deflections at the end of the linac. A part of this difference is compensated by stronger focusing in the beginning of the linac.
MEASUREMENTS
The fundamental mode of the SLC S-Band structures is 2856 MHz. The corresponding wavelength is 0.35 ns which defines an RF bucket. In order to change the bunch spacing between the positron and the first electron bunch, the positrons were not moved while the timing of the electron bunch was moved in two steps of 1 RF bucket. The corresponding changes in A 4 are 160" and 320"' allowing for a significant change in the phase factor f+(s) and the measured electron trajectory.
The measured trajectory change from a 1 bucket movement of the first electron bunch is shown in Fig. 3 . The positron trajectory remained unchanged within its stability. Measurements were done repeatedly with 1 and 2 RF bucket changes for the electrons. Each measurement was calculated from three online measurements, each the average of 30 beam trajectories. The spread within the three average measurements was used to determine the systematic measurement error to be roughly 20 pm.
ANALYSIS
Starting from Eq. 2 the problem to be solved is structures between neighboring BPM's are lumped together into a single effective kick.
For the data analysis we used the method of singular value decomposition (SVD). SVD factorizes R12 = U . S . VT with UUT = 1 and VVT = 1. The matrix S is diagonal with the diagonal elements Wi sorted in descending order. A number Wi indicates something like the effectiveness of a combination of kicks to change the trajectory. Putting a "threshold" on Wi will force the solution to use the most effective combinations of kicks and the RMS kick of the solution is reduced. Unphysical kick combinations can such be avoided. This is illustrated in Fig. 4 . allows to iterate the result while disregarding the most insignificant kicks with large relative errors. In Fig. 5 it is shown that about 15 kicks are sufficient to explain the measured data within its resolution. The agreement between the fit and the measurement is illustrated in Fig. 3 for just 11 kicks. Though some differences are left, the data is well explained within its resolution and possible errors in the used optics R12 model. The data also allows to determine the phase 40 between the electron bunch and the long-range wakefield. Figure 6 shows that a minimum fitted x2 is obtained for $0 M 15".
For the final results, the 1 and 2 bucket data sets were fitted simultaneously. The structure misalignments were calculated from the fitted wakefield kicks and the results were compared to conventional survey data. We drew the following conclusions:
1. The measured trajectory changes can be explained within the noise of the measurement by 15-20 large structure misalignments with an RMS of 1.5 mm. In addition an average offset of ~1 2 0 pm of all structures is needed to explain the data.
2.
Due to the limited stability and BPM resolution, it is difficult to resolve single errors. The errors are lumped together into a few large ones.
3. The LRWF results depend on the model used for the wakefield optics. We obtained consistent results with a modified model.
4. There is no strong correlation between misalignments found by long-range wakefield and survey measurements. However, large offsets from the long-range wakefield analysis tend to coincide with problems in the survey. About 25 out of 263 survey measurements (about 10%) have large uncertainty errors. Assuming no correlation with the LRWF results, we would expect that about 2 out of 20 LRWF kicks coincide with the survey problems. However, we find 7 coincidences that might indicate real problems.
5. Twelve out of twenty large misalignments obtained from the long-range wakefield analysis occur at the end of a sector (instrumentation section).
SUMMARY
During the 1994/1995 run transverse long-range wakefields were studied in the SLC. Changing the distance between the e-and e+ bunches, the static wakefield kicks from the leading positrons on the electrons were changed and the corresponding change in the electron trajectory was measured. A significant change in the electron trajectory was indeed observed, indicating several large transverse structure offsets in the SLC. A detailed data analysis was done for the vertical plane. Though limited in their accuracy, the long-range wakefield analysis pointed to the instrumentation sections at the end of linac sectors as the likely locations of large structure misalignments. Because the regular lattice is intempted there, traditional alignment and survey methods are limited in their accuracy, explaining the possibly large misalignments. Also, an average structure offset of about 120 pm is needed to explain the measured electron trajectory.
The available signal to noise ratio from the long-range wakefield measurements is not large enough to resolve all important structure errors with the required accuracy. Within the available resolution, errors are lumped together into a few large kicks. Although sufficient for a steering minimization, the accuracy is not sufficient for a mechanical realignment of the RF structures. A related approach[2] to determine the structure alignment with a better signal to noise ratio has been proposed and will be tested in the SLC linac during the 1997 run.
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